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19:  Abstract 

There  have  been  many  attempts  to  design  systems  which  use  comput¬ 
ers  for  the  manipulation  of  symbolic  mathematical  data.  Existing  systems 
begin  to  provide  a  useful  level  of  assistance  to  engineers,  applied  mathe¬ 
maticians,  scientific  programmers,  and  others  who  must  perform  large-scale 
or  in  other  ways  tedious  symbolic,  algebraic  computation,  accurately,  as 
part  of  their  work.  However,  systems  which  are  currently  available  suffer 
from  the  fact  that  they  are  generally  weakly-structured  collections  of  ad 
hoc  programs,  and  do  not  have  systematic  methods  for  the  representation 
of  knowledge  (data  and  algorithms).  In  some  cases,  there  are  fundamental 
conflicts  in  being  required  to  deal  with  notations  and  manipulations  from 
different  contexts.  The  current  implementation  strategy  for  systems  con¬ 
sists  of  developing  an  efficient  core  '“algebra”  system,  and  tools  with  which 
to  access  it  conveniently.  These  tools  include  user-programming  languages, 
specialized  environments,  and  graphics  interfaces.  The  goal  is  to  enable  a 
user  to  deal  with  the  computer  and  its  mathematical  knowledge  in  forms  of 
discourse  which  are  natural  for  analysis  and  applications.  We  used  as  a  core 
system,  parts  of  the  MACSYMA  algebra  system.  Although  it  would  have 
been  preferable  in  some  respects  to  use  a  smaller  modular  system,  resources 
were  insufficient  to  build  such  prograrnSv^uring  the  course  of  this  contract 
we  explored,  as  specific  examples  of  development  environments,  a  system 
for  exploring  conformal  mapping,  a  system  for  the  interactive  display  and 
editing  of  typeset  mathematics  in  the  context  of  MACSYMA,  and  computer 
algorithms  for  the  simplification  of  automatically-produced  expressions  for 
purposes  of  accurate  and  efficient  numerical  evaluation.  We  explored  new 
methods  for  exact  symbolic  integration  and  solution  of  systems  of  algebraic 
equations.  We  explored  the  use  of  parallelism,  hash-coding,  and  other  tech¬ 
niques  for 
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